Background-Little is known about temporal trends in survival and prognostic characteristics of patients with out-of-hospital cardiac arrest treated by emergency medical services (EMS). We hypothesized that an evolving combination of beneficial and adverse factors may contribute to temporal patterns of survival. Methods and Results-We evaluated a population-based cohort of EMS-treated adult patients with cardiac arrest (nϭ12 591) from 1977 to 2001 in King County, Washington. Time was grouped into an initial 5-year period and 5 successive 4-year periods. We sought to determine the potential impact of temporal changes in prognostic factors typically beyond EMS control termed "fate" factors (for example, patient age) and factors implemented by EMS termed "program" factors (programs of dispatcher-assisted cardiopulmonary resuscitation and basic life support defibrillation). Several characteristics associated with survival changed over time. Observed survival did not change over time among all patients with cardiac arrest (ORϭ0.98 [0.95, 1.01], trend for each successive time period) and improved over time among patients with witnessed ventricular fibrillation (ORϭ1.05 [1.01, 1.09]). In models that included all patients with cardiac arrest and controlled for fate factors, advancing time period was associated with an increase in survival (ORϭ1.08 [1.05, 1.11]). Conversely, in models that controlled for program factors, advancing time period was associated with a decrease in survival (ORϭ0.95 [0.93, 0.98]). Results were similar among patients with witnessed ventricular fibrillation. Conclusions-The static temporal pattern of survival from cardiac arrest appeared to result from an evolving balance of prognostic factors. Programs implemented by EMS appeared to counter adverse temporal trends in prognostic factors typically beyond EMS control.
O ver the last 3 decades, advances in the understanding of cardiac arrest and resuscitation have provided opportunities to strengthen the links in the chain of survival. 1 Despite the apparent progress, survival has remained poor, and hundreds of thousands of persons die each year in the United States of out-of-hospital cardiac arrest. 2 Paramedic services in King County, Washington, began 25 years ago. From the outset of paramedic services, information about each patient with cardiac arrest treated by emergency medical services (EMS) has been collected in a standard manner. 3 During the 25-year period, the EMS system of King County implemented two programs designed to improve survival: (1) dispatcher-assisted telephone instruction in cardiopulmonary resuscitation (CPR) to increase the proportion of patients receiving prompt bystander CPR and (2) the use of manual and automated external defibrillators by first-tier responders to achieve earlier defibrillation in ventricular fibrillation arrest. The importance of these EMS-directed efforts with regard to temporal trends in survival relative to other poten-tial prognostic characteristics is uncertain. 4 -8 We hypothesized that an evolving combination of beneficial and adverse factors may contribute to temporal patterns of survival. To address this hypothesis, we investigated temporal trends in both survival and prognostic characteristics of EMS-treated cardiac arrest caused by heart disease.
Methods

Study Design, Population, and Setting
The investigation was an observational study of all persons 18 years or older with out-of-hospital cardiac arrest caused by heart disease who were treated by EMS in King County, Washington (excluding the city of Seattle) from 1977 to 2001. Although some portions of King County had paramedic services beginning January 1, 1977, other areas did not initiate service until September 1, 1977 . These areas were included only after the onset of paramedic services. King County, Washington (excluding Seattle), grew steadily over the past 25 years, with the population increasing from Ϸ667 500 in 1977 to 1 196 000 in 2000. 9 The study was approved by the investigators' institutional review board.
EMS System
The study area is served by a two-tiered EMS response system. Fire engines and/or basic life support (BLS) aid units staffed with emergency medical technician-trained fire fighters provide the first tier. A program of BLS defibrillation began in the late 1970s and became operational throughout the county by 1986. Paramedicstaffed advance life support (ALS) units provide the second tier. The BLS and ALS units are dispatched simultaneously by a standard protocol in the event of cardiac arrest. A program of dispatcherassisted telephone CPR was initiated in 1982 whereby dispatchers offer CPR instruction to bystanders when a patient with cardiac arrest is not receiving CPR before EMS arrival.
Measures
For each patient with cardiac arrest, BLS and ALS personnel completed a medical incident report form that includes information about patient demographics (age and gender), event circumstances (witnessed, bystander CPR, arrest [victim collapse] before EMS arrival, presenting rhythm), and EMS characteristics (response intervals, treatment, and immediate outcome). Information about these variables has been collected as standard over time, although information about the location of the cardiac arrest was not recorded until the mid-1980s. In addition to EMS report forms, death certificates and/or hospital records for each patient were reviewed to determine a cardiac cause of the arrest and survival to hospital discharge (the study outcome).
Statistical Analysis
Two sets of analyses were conducted: one for all EMS-treated arrests and a second restricted to witnessed ventricular fibrillation arrests. Temporal patterns for various patients, events, and EMS characteristics were determined. Time was grouped into an initial 5-year period and 5 successive 4-year periods. The initial time period of 5 years was chosen a priori because paramedic services were instituted throughout 1977, resulting in fewer events during the initial year. Next, using data from the entire study period, the odds ratio of survival to hospital discharge associated with the various characteristics was computed by means of logistic regression.
Logistic regression was used to assess the observed temporal pattern of survival to hospital discharge as well as to investigate the potential explanations for these temporal patterns. We sought to determine the potential impact of temporal changes in "fate" factors and "program" factors on survival from out-of-hospital cardiac arrest. 10 Fate factors were patient or event characteristics typically beyond EMS control; program factors consisted of changes in care that resulted from programs implemented by EMS, specifically dispatcher-assisted CPR and BLS defibrillation. The 1977 to 1981 period served as the referent time period.
The analyses contrasted the observed temporal pattern of survival with three models. The first model, termed "model 1: fate factors constant," sought to determine potential temporal patterns in survival had fate factors remained constant over time, but the EMS programs of dispatcher-assisted CPR and BLS defibrillation occurred (as they did). Thus, in addition to time period, "model 1: fate-factors constant" adjusted for patient age and gender, witness status, presenting rhythm, and arrest before EMS arrival status in the analysis of all rhythms, and age, gender, and arrest before arrival status for the analysis restricted to witnessed ventricular fibrillation. The second model, termed "model 2: fate factors constant," sought to determine potential temporal patterns in survival had fate factors including BLS and ALS response intervals remained constant over time, but the programs of dispatcher-assisted CPR and BLS defibrillation occurred. Although BLS and ALS response intervals may be due to a number of factors, EMS has maintained consistent response protocols for cardiac arrest victims throughout the study period. Consequently, for this analysis, BLS and ALS response intervals were considered to be fate factors. Thus "model 2: fate factors constant" included the variables of model 1 plus BLS and ALS response intervals. The third model, termed "model 3: programs constant," sought to determine potential temporal patterns in survival had the programs of dispatcher-assisted CPR and BLS defibrillation not been implemented, but the observed changes in fate factors occurred. Thus, in addition to time period, "model 3: program constant" included citizen CPR status in the all-rhythms analysis and citizen CPR and defibrillation response interval in the witnessed ventricular fibrillation analysis. In sensitivity analyses assessing the temporal pattern of survival and the potential impact of fate and program factors, calendar time in years (ie, 1977, 1978 , and so on) was modeled as a continuous variable. Analyses were performed with SPSS 11.0 software (SPSS Inc).
Results
Over the entire study period, the EMS treated 12 591 persons with out-of-hospital cardiac arrest and 4775 persons with witnessed ventricular fibrillation arrest caused by heart disease ( Figure) . The distribution of several patient, event, and EMS characteristics changed over time in the analysis of all rhythms (Table 1) . Specifically, average age and BLS and ALS response intervals and the proportions who were women, treated with citizen CPR, defibrillated by BLS, and arrested before EMS arrival increased over time, whereas the average defibrillation response interval and the proportions who were witnessed and presented in ventricular fibrillation decreased over time. Similar patterns were observed among witnessed ventricular fibrillation arrests except that the proportions who were women and arrested before arrival remained relatively stable over time (data not shown). Several patient, event, and EMS characteristics were associated with survival to hospital discharge in all rhythm and witnessed ventricular fibrillation arrests ( Table 2) .
Observed survival did not change over time for all EMStreated cardiac arrests (Table 3) . However, advancing time period was associated with an increased odds ratio of survival when models were adjusted for factors typically beyond EMS control (models 1 and 2: fate factors constant). The results were similar when arrest before arrival status was not included in the model or when EMS response intervals were log-transformed. In contrast, advancing time period was associated with a decreased odds ratio of survival when the model included citizen CPR in addition to time period (model 3: program constant). Results were similar when an initial 4-year rather than 5-year time period was used as the referent group. Results were also comparable when calendar time in years was modeled as a continuous variable. There was a modest temporal increase in the proportion of patients who were admitted to the hospital; however, this increase was countered by a temporal increase in the proportion who died in-hospital (data not shown). Among witnessed ventricular fibrillation arrests, a temporal trend of improved survival was observed (Table 4 ). This pattern was accentuated when adjusted for fate factors (models 1 and 2: fate factors constant). However, when the model was adjusted for citizen CPR and defibrillation response interval (model 3: program constant), the odds ratios of survival were Ͻ1.0 for all subsequent time periods relative to the initial period, though no trend was apparent. Results were similar when all ventricular fibrillation arrests (unwitnessed and witnessed) were included in the analyses, when an initial 4-year rather than 5-year time period was used as the referent group, and when calendar time in years was modeled as a continuous variable.
In analyses in which time was modeled as a grouped variable or as a continuous variable, the addition of covariates to the models investigating fate and program factors all significantly improved the fit of the model (as determined by the likelihood ratio test comparing nested models) with the exception of gender. No term was dropped due to collinearity.
Discussion
Observed survival to hospital discharge for all EMS-treated patients with cardiac arrest remained relatively unchanged over time in this community for the 25-year span from 1977 to 2001. However, the distribution of several characteristics associated with survival changed over time. Indeed, the static temporal pattern in survival appeared to result from a dynamic and evolving balance between beneficial and adverse prognostic characteristics. Specifically, the results suggest that the implementation of EMS-directed programs of dispatcher-assisted telephone CPR that increased the proportion of patients with cardiac arrest receiving citizen CPR and BLS defibrillation that decreased the defibrillation response interval may have in part balanced adverse temporal trends in several factors generally beyond EMS control.
Importantly, expected relationships for patient, circumstance, and EMS characteristics known to be associated with survival in cardiac arrest were evident in this study population. Although little is known about temporal patterns of demographic or circumstance characteristics (fate factors) or the causes of these temporal patterns, limited evidence from other communities suggests similar temporal trends of increasing age, greater proportion who were women, and the decreasing proportion with ventricular fibrillation that were observed in this study. [11] [12] [13] In addition, several EMS factors demonstrated temporal changes. Basic and advanced life support response intervals increased over time despite an increase in the density (number of units per square mile) of EMS units and maintenance of standard protocols of EMS response for cardiac arrest victims. Although debatable, the increase may be due to population growth and urbanization, a factor that would be beyond EMS control. In contrast to these potentially adverse temporal trends, the proportion of patients who received citizen CPR before EMS arrival increased over time in large part as a consequence of dispatcher-assisted telephone CPR, an intervention that has been associated with improved survival. 14, 15 Likewise, despite temporal increases in BLS and to a lesser extent ALS response intervals, the defibrillation response interval declined over time as a result of training and equipping first-tier BLS personnel with defibrillators. We explored the potential influence of temporal changes in prognostic factors on the temporal patterns of survival. In analyses of all rhythms, the results suggest that had fate factors (age, witness status, and so forth) remained stable over time and the EMS programs of dispatcher-assisted CPR and BLS defibrillation been implemented (as they were), a temporal trend of improving survival may have occurred. Conversely, the results suggest that given the observed adverse temporal patterns of fate factors, a temporal trend of decreasing survival may have occurred if the program of dispatcher CPR had not been implemented. Moreover, this latter model probably underestimates the potential decrease in survival had EMS not implemented the aforementioned programs because it cannot account for the temporal decrease in defibrillation response interval resulting from the BLS defibrillation program that would be pertinent only to patients with ventricular fibrillation.
Thus, analyses were also restricted to patients with witnessed ventricular fibrillation, a subset for whom both early defibrillation along with prompt CPR might be expected to affect survival. Indeed, a temporal trend of increasing survival was observed in this group of patients. Controlling for fate factors strengthened the temporal trend, whereas controlling for citizen CPR and defibrillation response interval nullified the observed temporal trend of increasing survival, suggesting that dispatcher-assisted CPR and BLS defibrillation were in part the means through which survival in ventricular fibrillation improved over time. Of note, although an overall temporal trend was observed, the trend of increasing survival in ventricular fibrillation was most apparent during the first four time periods and appears to subsequently plateau, a pattern that corresponds to the period of implementation of the EMS programs.
This study has limitations. The study investigated temporal trends in survival of out-of-hospital cardiac arrest and potential explanations for the observed trends. The observational cardiac arrest surveillance system of King County used in this investigation does not allow for definitive causal inference. Possible explanations outside the confluence of fate and program factors assessed in these analyses include hospital care, unmeasured patient characteristics, or other confounders. Information about hospital treatments as well as patients' chronic clinical conditions was not routinely available. It is likely that in-hospital treatment did change over time. 16 However, given the temporal patterns of hospital admission and hospital mortality rates (a temporal increase in the proportion admitted was countered by an increase in the proportion who died in-hospital), a clear trend for improved outcome as the result of in-hospital care was not obvious though still possible. Patients' clinical conditions have been independently associated with survival in certain cardiac arrest settings 4 ; the increase in average age over time would suggest that clinical morbidity would presumably have increased rather than decreased over time. Information was not available about functional status or quality of life among persons who survived to hospital discharge. These are important considerations and may have changed over time. Finally, the findings observed in this community may not be generalizable to other communities, though we believe the dynamic interplay of prognostic factors over time may be pertinent to other settings. These limitations should be balanced against the strengths of the study; the investigation reports the experience of a mature EMS system and used a standardized system of data collection incorporating information from EMS, death, and hospital records.
The static temporal pattern of survival in EMS-treated out-of-hospital cardiac arrest in this community over the past 25 years was not the result of a stable temporal pattern of patient, circumstance, and EMS characteristics but rather appeared to represent an evolving balance of prognostic factors. Programs of dispatcher-assisted telephone CPR and BLS defibrillation implemented by EMS appeared to counter adverse temporal trends in prognostic factors generally beyond EMS control and contribute to the temporal trend of improved survival among patients with ventricular fibrillation arrest. The results of the study suggest that ongoing innovations in resuscitation of patients with cardiac arrest that strengthen the chain of survival will be important if survival from out-of-hospital cardiac arrest is to be improved. Whether the dissemination of defibrillators, developments in defibrillation technology, variation in CPR, treatment with pharmaceutical agents, or other therapies will be important in the public health challenge of improving survival from cardiac arrest are unsettled but important questions that deserve more investigation.
